There are several points in Wolbach's 6 description of the Rickettsia of Rocky Mountain spotted fever which have given rise to the suggestion that, in mammals, he imay have been dealing with mitochondria. In the first place, the striking, though superficial, morphological resemblance between the Rickettsia and mitochondria is to be noted, and it will be recalled in this connection that the general similarity between bacteria and mitochondria has recently led Wallin 7 to express the belief that mitochondria are in reality bacteria which have developed a high degree of symbiosis. Then the recommendation that acetic acid be omitted in making up the Zenker's fluid for the purpose of preserving the Rickettsia, with the admission that Schaudinn's mixture, consisting of two parts of saturated corrosive sublimate with one part of absolute alcohol, does not demonstrate them satisfactorily, points in the same direction. And finally, the failure of all investigators to cultivate them artificially, coupled with his almost complete silence on the subject of mitochondria, has tended to strengthen the impression thus created. The only reference which he has made to this possibility of confusion with mitochondria is contained in a more recent paper on typhus fever written in collaboration with Todd and Palfrey, 8 in which it is recorded that the Zenker's fluid was made up with 5 per cent of acetic acid "in order to prevent the staining of mitochondria, although slightly better results may be obtained without it." Considered alone this evidence is not wholly convincing, because under certain conditions they are not dissolved by the acetic acid in Zenker's fluid.
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It was in the belief that the exact relation of the organisms to normal and abnormal cellular constituents might be susceptible to analysis by methods elaborated in the field of general cytology that the study herein reported Was undertaken. It was made possible by the kindness of Dr. Noguchi, who furnished a generous supply of tissues from guinea pigs infected with Rocky Mountain spotted fever.
Material and Methods.
The pathological tissues and the specimens of Dermacentor venustus used in these experiments formed a portion of the material of Dr. Noguchi, who for several years has been engaged in experimental studies of spotted fever. The maintenance of the virus and its transmission by ticks were carried out by Dr. Noguchi, with suitable clinical and bacteriological controls to eliminate secondary bacterial infections, and all autopsies were performed by Dr. Noguchi and his staff. The two strains of spotted fever virus, as well as the specimens of wood ticks used in this work, were obtained by Dr. Noguchi through the courtesy of Dr. R. R. Parker of Hamilton, Montana.
Autopsies were made and tissues taken 1, 2, 3, 4, and 5 days after the 1st day of characteristic fever. In practically every animal tissues from the sole, scrotum, testes, lymph glands, kidneys, adrenals, pancreas, liver, spleen, abdominal muscle, lungs, heart, and ears were carefully examined. In addition to one normal guinea pig, three others, which had recovered from the infection, were studied for purposes of control.
For the coloration of Rickettsia, Giemsa's stain was used, as recommended by Wolbach, except that the preliminary fixation was accomplished in Regaud's fluid instead of in Zenker's mixture. This fluid consisted of four parts of a 3 per cent solution of potassium bichromate and of one part of commercial formalin. It gave a clear background with but little artificial granulation and at the same time acted as a good preservative for mitochondria. For a comparison of Rickettsia with normal and abnormal cellular constituents, the aniline-fuchsin and methyl green method of Bensley was employed for mitochondria,' the iron-hematoxylin technique for phagocytosed hemoglobin,s and Kyes' method for Gram-positive organisms in tissues.l Several preparations of the Rickettsia of Rocky Mountain spotted fever in the tissues of ticks and guinea pigs, kindly donated by Professor Wolbach, were used for comparison.
OBSERVATIONS.
Wolbach's discovery that Rickettsia of somewhat similar morphology occur in infective ticks and in the specific lesions of guinea pigs suffering from Rocky Mountain spotted fever contracted through '0 Mallory, F. B., and Wright, J. H., Pathological technique, Philadelphia and London, 7th edition, 1918.
" Kyes, P., personal communication.
their bites was soon amply confirmed. The former are illustrated in Figs. 18 and 19 and the latter in Fig. 17 . Preparations were made which showed that, unlike the mitochondria, they are restricted to the vascular lesions peculiar to the disease, in which the mitochondria are definitely reduced in number and changed in shape. Though it was found that the Rickettsia may be stained by both the iron-hematoxylin and the aniline-fuchsin and methyl green techniques, that is to say by two methods which are primarily intended for mitochondria, and that when appropriately mordanted the mitochondria may sometimes be colored by Giemsa's stain, in both cases the color reactions were so atypical that they could not be taken to indicate the existence of a close degree of similarity.
After fixation in Regaud's fluid, it was possible to color the Rickettsia and the mitochondria successively in the same cells and to demonstrate their independence. Fig. 1 illustrates the morphology and distribution of the Rickettsia in a typical venule of a guinea pig during the 5th day of fever, as brought out by staining by Giemsa's method. Fig. 2 represents the mitochondria (which have lost their rod-like and filamentous shape) in the same cells after the section had been decolorized and stained with aniline-fuchsin and methyl green. A close comparison of the two will' reveal further points of distinction.
The claim that Rickettsia may be products of the phagocytosis of injured erythrocytes, or of nuclear degeneration, was tested by decolorizing the same section, once more, and by staining it with iron-hematoxylin (Fig. 3 ). It will be seen that the areas in which Rickettsia have been shown to occur ( Fig. 1 ) remain entirely clear by this method, and, conversely, that blackened materials occur in this figure in places where they are not seen in Fig. 1 .
It may therefore be concluded, from Figs. 1, 2, and 3, that the Rickettsia, the altered mitochondria, and the products of the phagocytosis of injured erythrocytes and of endothelial cell degeneration, though frequently occurring side by side, are entirely different in respect to their tinctorial properties, their morphology, and their distribution.
Although the Rickettsia were found to be colored in much the same way as certain amphophilic granules, which had escaped from leucocytes and become distributed through the tissues, they were easily distinguished from the amphophilic granules by their rod-like shape and by their characteristic tendency to accumulate within the cytoplasm of endothelial cells. Neither is it possible to confuse them with the granules which Wolbach 8 has referred to as arising in endothelial cells in stages preliminary to division. The only other normal constituent of endothelial cells with which there is a possibility of confusing Rickettsia is the internal reticular apparatus of Golgi. From the descriptions of von Bergen' 2 and others relating to its appearance in endothelial cells it is safe to conclude that it occurs in the form of a rather complicated network of coarse strands situated at one or the other pole of the nucleus. In certain pathological conditions in which it has been studied, the apparatus undergoes disintegration 3 with the liberation of innumerable tiny droplets of material which impregnate with silver salts and blacken with osmic acid. These reactions are entirely different from those of the Rickettsia, and, conversely, the internal reticular apparatus is never colored with Giemsa's stain.
Evidence having thus been obtained pointing to the conclusion that Rickettsia are entirely distinct from all known cellular components, their distribution was carefully studied in the tissues of guinea pigs. A list of the animals examined with the tissues in which they were found follows. 1 day of fever: adrenal and epididymis. 1 day of fever: pancreas. 2 days of fever: abdominal muscle. 3 days of fever: abdominal muscle, scrotum, testis, and heart. 3 days of fever: testis, spleen, lung, and abdominal muscle. 4 days of fever: scrotum and testis. 4 days of fever: scrotum and heart. 5 days of fever: scrotum, testis, lymph gland, liver, spleen, lung, and abdominal muscle.
5 days of fever: scrotum and testis.
A rather wide distribution of Rickettsia was anticipated from Wolbach's account of their presence in the skin, scrotum, and epididy-mis of guinea pigs, rabbits, and monkeys, and in the thyroid, testis, liver, spleen, lungs, and skeletal muscle, in addition to these locations, in man and the monkey. From the present study their dispersal in guinea pigs was extended to include, in addition, the pancreas, abdominal muscle, adrenals, heart, lymph glands, lung, testis, liver, and spleen (Figs. 1, 5 to 7, 9 to 12, and 14) .
The Rickettsia were observed in all guinea pigs known to be infected and were found to be uniformly absent in the control as well as in three animals which recovered from the infection. They were invariably associated with the characteristic vascular lesions described in the literature, and increased in number progressively with the development of the lesions from the 1st to the 5th or last day of fever, when both attained a maximum.
Their occurrence for the most part in the endothelial and smooth muscle cells of blood vessels and occasionally in skeletal muscle cells, as described by Wolbach, was confirmed and extended to include the vascular lumina, one giant cell, a few liver cells, and mononuclear leucocytes, as illustrated in Figs. 1, 8, 12 , and 1. In several cases also, they appeared to be present within erythrocytes (Fig.  13 ) and in one instance within the nucleus of an endothelial cell (Fig. 5 ). They were never quite so abundant as represented by Wolbach.' 4 In some tissues it required several hours search with the aid of a mechanical stage and in others a day or more to find them. Sections more than 5 microns in thickness were found to be useless, owing to the fact that the longer differentiation required bleached them out completely.
The arrangement of Rickettsia within the cytoplasm of endothelial cells appeared to be haphazard. Sometimes they were observed singly and at other times in groups (Figs. 14 and 15) without definite topographical relation to the nuclei, to areas containing a larger number of mitochondria, or to the proximity of phagocytosed hemoglobin, as would be expected in cells possessing so little physiologic polarization. This independence may best be observed by comparing Figs. 1, 2 , and 3. With the exception of the liver they were not found in parenchymatous cells, which exhibit a more marked division into areas of differential functional activity. Neighboring endothelial 14 Wolbach, 6 Figs. 46, 66, and 68. cells containing many Rickettsia and others containing none at all had much the same swollen appearance (Fig. 1) . In other words the degree of injury in contiguous cells was not paralleled by the number of enclosed Rickettsia. That the mitochondria in all the endothelial cells bordering an affected blood vessel were about equally altered may be seen by comparing Fig. 2 with Fig. 4 , which illustrates their normal appearance. The chief change in the mitochondria was a great diminution in number and a rounding up of the survivors into spheres, with slight increase in size and a loss of their original rod-like and filamentous shape. This type of mitochondrial reaction has been described frequently in the literature following cellular injuries of different kinds; it is in no sense peculiar to Rocky Mountain spotted fever. During the first 2 days of fever the chromatin content of the nuclei of the endothelial cells appeared to be decreased (Figs. 5 and 6 ), about the 3rd day it seemed increased ( Fig. 7) , only to decrease again during the 4th and 5th days (Fig. 17) , but owing to the difficulty of making accurate determinations it is felt that a definite statement is not warranted. No parallel oscillations were noted in the Rickettsia, in the mitochondria, in the quantity of phagocytosed material, or in the rate of cellular multiplication, evidence of which was seen in occasional mitoses.
Early in the infection the Rickettsia were diplobacillary (Fig. 16 ), becoming bacillary in the later stages (Fig. 17) . Their ends were rounded rather than lanceolate. Coccal and diplococcal forms comparable to those illustrated by Wolbach' 5 and others which were seen in his preparations were not observed in my material.
Tinctorially, the Rickettsia in guinea pig tissues reacted in a homogeneous way without showing evidence of polar staining. In all cases they were colored dark reddish brown, the red tint in which could be altered to some extent by varying the amount of colophonium in the alcohol of differentiation as suggested by Wolbach. There was but little variationin the intensity of coloration of individual Rickettsia. All of them were Gram-negative. In some instances they were surrounded by very slight halos of chromophobe material, which, however, never attained the dimensions represented by Wolbach. In some of his illustrations the halos are inconspicuous, or entirely absent,' 6 while in others 7 they exceed in thickness the diameter of the Rickettsia. Variations of this magnitude were not observed in the present study. A close examination of his preparations revealed the fact that the contained Rickettsia were stained much bluer than in my own and that their outlines were considerably less distinct. This indistinctness he mentioned as a non-bacterial characteristic.
These diplobacillary and bacillary forms observed in the lesions of guinea pigs seem to correspond in part at least to the first stage of Wolbach's morphologic series which he characterized as follows: "An extra-nuclear bacillus-like form without chromatoid granules, relatively large and only present in ticks during the initial multiplication of the parasites."
Similar but rather more pleomorphic Rickettsia were found in the tissues of infective ticks as may be seen by comparing Figs. 18 and 19 with Figs. 16 and 17 . Some of the smaller ones were stained more intensely at the ends (Fig. 19 ), but none were detected within the nuclei, and it was not possible, in the material available, to recognize clearly the three morphologic types enumerated by Wolbach. Close study of his actual preparations brought to light many exceedingly minute rod forms with chromatoid granules, which, as in the case of mammalian tissues, stained bluer and presented less distinct outlines than the Rickettsia in my own specimens.
SUMMARY.
The Rickettsia of Rocky Mountain spotted fever were easily differentiated from mitochondria, phagocytosed blood pigment, nuclear debris, and all other known cellular constituents. Although they were lodged within the cytoplasm of endothelial cells, they were not observed to establish any definite relations with the nucleus or with other cellular components. Their number varied in contiguous cells which sustained the same degree of injury as evidenced by nuclear changes, and alterations in their mitochondria content. The mitochondria, on the other hand, showed similar modifications, character-'" Wolbach, 6 Fig. 48. ized by a decrease in number and a rounding up into spherules, in all the endothelial cells seen in a section of an affected blood vessel. Diplobacillary forms were most abundant in the early stages of the reaction and single bacillary bodies towards its termination. Other slight differences in morphology from Wolbach's account were noted in the organisms as seen in the tissues of both ticks and guinea pigs. His study of the distribution of specific lesions with accompanying organisms in the tissues of guinea pigs was confirmed and extended.
EXPLANATION OF PLATES.
All the illustrations were drawn with Zeiss apochromatic objective 1.5 mm., compensating ocular 6, and camera lucida. Unless otherwise stated, the preparations were fixed in Regaud's fluid and colored with Giemsa's stain. Magnification, X 1,500. . Lymph gland capillary during the 5th day of fever with scattered Rickettsia. FIG. 10. Venule in the lung during the 5th day of fever with diplobacillary and bacillary Rickettsia, the latter predominating. FIG. 11 . Capillary in the spleen during the 5th day of fever with diplobacillary and bacillary Rickettsia.
FIG. 12. Sinus in the liver during the 5th day of fever with two Rickettsia in the nucleus (upper right hand corner), one within the lumen, and three others in the cytoplasm of a liver cell facing the lumen.
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